
Sandia National Laboratories is a multimissionlaboratory managed and 
operated by National Technology & Engineering Solutions of Sandia, LLC, 
a wholly owned subsidiary of Honeywell International Inc., for the U.S. 
�'�H�S�D�U�W�P�H�Q�W���R�I���(�Q�H�U�J�\�·�V���1�D�W�L�R�Q�D�O���1�X�F�O�H�D�U���6�H�F�X�U�L�W�\���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q���X�Q�G�H�U��
contract DE-NA0003525.
SAND No. ____________

Objectives

Tunable Iron(II) Bipyridine Complexes for Non-Aqueous 
Redox Flow Batteries

Fe3+/2+ E1/2 (V) Fe2+/+ E1/2 (V) �4E1/2 (V) Fe3+/2+ Diff. Coeff . 
(cm 2 s-1)

Fe2+/+ Diff. 
Coeff . (cm 2 s-1)

Fe(bpyCF 3)3(BF4)2 1.65 -0.63 2.28 6.14 × 10-7 5.49 × 10-7

Fe(bpyCO 2Me)3(BF4)2 1.53 -0.68 2.21 4.49 × 10-7 4.44 × 10-7

Fe(bpyBr) 3(BF4)2 1.43 - - 7.07 × 10-8 a -
Fe(bpy) 3(BF4)2 1.25 -1.12 2.37 1.12 × 10-6 8.90 × 10-7

Fe(bpy tBu)3(BF4)2 1.09 -1.19 2.28 4.91 × 10-7 -
Fe(bpyMe) 3(BF4)2 1.07 -1.25 2.32 8.76 × 10-7 7.62 × 10-7

Fe(bpyOMe) 3(BF4)2 0.94 -1.27 2.21 4.97 × 10-7 6.21 × 10-7

Fe(bpyNH 2)3(BF4)2 
b 0.43 - - - -
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�‡ Fe2+/3+ E1/2 :  1.25 V
�‡ Ni2+/0 E1/2:  -1.01 V
�‡ This produces a 2.26 V RFB
�‡ Experienced high capacity fade due to 

active species crossover

Fe2+/3+ redox
Fe2+/+

ligand-centered 
redox

An EWG pulls electron density away from the Fe(II) metal center, making it more 
difficult to oxidizeto Fe(III), resulting in a more positive E1/2

An EDGinductively pushes electron density toward the Fe(II) metal center, making it 
easier to oxidize to Fe(III) because it is satisfied with the electron density surrounding 

it, resulting in a more negative E1/2

We hypothesized that by tuning the redox properties of Fe(II), we could shift the 
redox potential such that a higher voltage gap (and a higher voltage battery) would be 

achieved

Cyclic voltammograms of Fe(II) bipyridine complexes (10 mM) in TEABF4/PC (0.5 M) using a glassy 
carbon working electrode, Pt wire counter electrode, and Ag/AgCl reference electrode 

In symmetric RFBs, cyclic voltammograms showed that modification of substituents shifted the Fe(II) 
redox potentials, but the ligand-centered redox couples shifted with it. Overall, there was no 

significant expansion of the complex voltage windows.

Fe(bpyCF3)3(BF4)2 had highest catholyte E1/2 of 1.65 V(0.4 V increase from Fe(bpy)3(BF4)2,) so we 
built an asymmetric RFB using the established Ni(bpy)3(BF4)2 as the anolyte. This expanded the 

voltage window from 2.26 to 2.66 V.

Respectable Coulombic and energy 
efficiencies of 90.6 and 78 % were 

achieved; these results are 
comparable to Mun et al���·�V��

asymmetric RFB, but with 18 % 
improvement in battery voltage.

Capacity fade was observed over 
time, and CVs revealed this was 

due to degradation of the 
Ni(bpy)3(BF4)2 anolyte (inset). 
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Redoxflow batteries(RFBs)are a promisingalternativefor large-scaleenergystoragesystems(ESSs)
due to their low cost,safety,andlongcyclelife. Non-aqueousRFBshavethe potentialproducehigher
voltages(< 3 V) than their aqueouscounterpartsusingorganicsolventswith wide electrochemical
windows, in which metal coordination complexes (MCCs) can be used as the redox-active
electrolytes.Thiswork buildson seminalnon-aqueousRFBwork by Munet al.,whichshowedpromise
but wasultimatelylimited by highelectrolytecrossoverthat negativelyimpactedbattery capacity. The
goalof this project wasto syntheticallymodifythe MCC developedby Mun et al. to producea higher
voltagenon-aqueousRFB.

J. Mun et al. Electrochem. Solid-State Lett., 2012, 15, A80.

In this work, we syntheticallymodifiedanFe(II)bipyridinecomplexto tune its electrochemicalproperties
andproducea highervoltageRFB. We identifiedone of the highestpotentialcatholytesreported,which
exhibitedhigh stabilityand cyclabilityin a lab-scaleRFB. The anolyteshowedunanticipateddegradation
upon cycling,attesting to the complex dynamicsof RFBs. In future work, we will explore low redox
potentialanolyteswith highcyclingstabilityfor usein pseudo-symmetricRFBs.

Our Innovative Adaptation: 
Syntheticmodification of this complex using electron-withdrawing and electron-donating
groupsto shift the redox potentialof the complexto achievea highervoltageseparation

Asymmetric (different catholyte and anolyte) and symmetric (same active material as the catholyte 
and anolyte) RFBs designed by Mun et al.

�‡ Capacity fade was improved, but voltage 
remained low

Pseudo-symmetric RFBs may extend voltage window, show low crossover, and solve anolyte stability issue
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